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The PLUMBING SYSTEM provides a means of 
bringing water to an outlet and a means of tak-
ing used water away. In today's kitchen, water 
is needed at many places in addition to the "kitch-
en sink." Water must be supplied to the dish-
washer, icemaker, and special preparation or 
service areas such as a bar or vegetable sink 
and salad-making work areas. It is also nec-
essary to provide a means of draining waste 
water away from each of these sinks and ap-
pliances (with the exception of ice makers). 
Once installed, the plumbing system is relative-
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ly permanent, and changes to existing systems 
are usually expensive because they require walls 
to be opened and holes to be cut in floors and 
ceilings. The effect changes may have on rooms 
located below or above the kitchen, or both, can 
also increase costs considerably. 
Figure 1 shows a typical drainage and water sup-
ply layout for a two-story house. Any major re-
location of the kitchen sink from the position 
shown could require extensive changes to both 
the water supply and drainage systems. 
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Water Supply Systems 
The water-supply system should deliver water 
to the sink and appliances in the quantity and 
rate needed. The size of pipe, number of fittings, 
the length of pipe from the "main". the pressure 
available, and the number of other fixtures in 
use at the time will determine the rate at which 
water will flow from the faucet. Figure 2 illus-
trates a typical water connection to the kitchen 
sink, with provision for connections to a dish-
washer and ice maker. 
The service from the main or well should be un-
derground to avoid freezing or mechanical dam-
age. An 1 1/ 4" galvanized iron pipe or 1" cop-
per pipe is usually sufficient for most residences. 
A valve to control the water (main shut-off) 
should be located inside the house near the en-
trance of the water-service pipe. The water 
meter (if installed) is usually located at this 
point. 
The size of the water piping from the main to the 
individual fixtures is determined by the number 
and type of fixtures served by the pipe. Figure 
3 shows the pipe sizes normally used for a 
water supply system in a house. The following 
relationship can be used as a general "rule-of-
thumb": 
For service to 3 or more fixtures, use 3/ 4" 
pipe. 
For service to 2 or less fixtures, use 1/2" pipe. 
Each fixture is supplied by a fixture-supply 
pipe. The following table can be used as a guide: 
Fixture 
Bath tubs 
Dishwasher 
Kitchen sink 
Lavatory 
Shower 
Water closet 
Supply Pipe 
1/2" 
1/2" 
1 2" 
3/8" 
1/2" 
3/8" 
Each supply pipe should be equipped with a valve 
or "stop" so that repairs can be made to an in-
dividual fixture without interrupting service to 
other fixtures in the house. 
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WATER HEATERS 
Hot water is essential to the operation of the 
kitchen and the water heating equipment should 
be sized to provide sufficient quantities. The 
tank size and recovery capacity of the water 
heater is determined by the number of people in 
the family, the number of baths available, and 
the type of laundry equipment used in the house. 
For example, an automatic clothes washer may 
use from 25 to 40 gallons of hot water per load, 
a shower can use up to 30 gallons per hour, and 
an automatic dishwasher may use up to 15 gallons 
of hot water. The required storage capacity of 
the water heater will be affected by the recovery 
capacity of the equipment. Generally a larger 
storage tank will be needed with electric water 
heating equipment than with gas or oil heating 
equipment. The following table can be used as 
a guide for selecting the proper size water heat-
er for single-family residences. For luxury 
houses or for families with known additional hot 
water requirements, the next larger size heater 
should be selected. 
In some houses the distance from the water heat-
er to the point of use may be quite far and re-
sults in long waiting periods for hot water. A 
circulation line can be installed so that hot water 
is always available at each fixture. 
As an alternative to the circulating system, a 
separate water heater should be considered for 
the remote area. Or, in some instances it may 
be convenient to install a small hot water booster 
in the kitchen or laundry if the primary source 
of hot water is too small in storage or recovery 
capacity to provide sufficient hot water. 
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TABLE 1. SIZING WATER HEATERS 
R =recovery- 100F temperature rise in one 
hour. 
Storage Capacity and recovery rate based on 
supplying enough hot water for 3 automatic 
washer loads of clothing (@ 25 gallons each) 
over a two hour peak period. An additional 
9 g. p. h. in either storage capacity, recovery 
rate as a combination thereof has been added 
for each additional bath or two bedrooms. 
I~ 1 2 3 # # gal. R gal. R gal. R 
gas 40 30 50 35 50 45 
2 
elec 66 18 66 28 82 28 
gas 40 35 40 45 50 63 
3 
elec 82 18 82 28 82 28 
gas 50 35 50 45 50 63 
4 
elec 66 28 82 28 2/66 18 
gas 40 45 50 63 75 63 
5 
elec 82 28 82 28 2/66 18 
11 vent in wall 
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DRAINAGE SYSTEMS 
When water is delivered to an outlet, some pro-
vision must be made to drain away waste or ex-
cess water. The drainage system differs from 
the water supply in one very important respect. 
In the supply lines the water flows under pres-
sure; in the drainage lines flow is entirely by 
gravity and the pipes must be designed and in-
stalled carefully to insure flow at a velocity 
adequate to keep the pipes clean. The drainage 
system is also more complex than the supply 
system in that it consists of three parts all of 
which are needed in every installation, even if 
only one fixture is served. 
These parts are: 
1. Traps (a water seal to prevent the back flow 
of air or sewer gas into the house). These should 
be accessible and as close as possible to each 
fixture. Sometimes they are part of the fixture. 
2. Drainage lines (pipes, either vertical (called 
"stacks") or horizontal (called "branches"), to 
carry the discharge from the fixtures to the 
house sewer). These are usually concealed in 
walls or floors. The pipes receiving the dis-
charge from the water closet are known as soil 
lines; those receiving the discharge from other 
fixtures as waste lines. Some plumbing codes 
require a grease trap in the waste line from the 
kitchen sink; other specifically prohibit them. 
This trap, which is designed to prevent grease 
and oil from entering the sewer, must be cleaned 
frequently for efficient operation. 
3. Vent lines (pipes extending upward through 
the roof). These allow air to flow into or out 
of the drainage pipes, thus equalizing air pres-
sure in the drainage system and protecting the 
water seal in the traps. 
Figure 4 illustrates a typical drainage system 
that would be used under a sink and which also 
serves a dlshwasher and a garbage disposer. 
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The relationahip between the trap, the drainage 
line, and the vent line is very important and will 
have a great influence on the location of plumbing 
fixtures, particularly in remodeling work where 
the relocation of fixtures is desired. The maxi-
mum distance from the trap to the vent as shown 
in Figure 5 for various sizes of pipes are shown 
below: 
Drainage Line Size 
1 1/4" 
1 1/2" 
2" 
3" 
4" 
Maximum Distance, 
trap to vent 
2'-6" 
3'-6" 
5'-0" 
6'-0" 
10'-0" 
The required maximum distance from a trap to 
a vent does not usually present any problems in 
residences except when island sinks are used. 
This can usually be solved by using a drainage 
line large enough for the distance to the nearest 
vent. A typical installation of this kind is shown 
in Figure 6. 
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All vents must terminate outside the house. The 
vent terminal must be carried through the roof 
full-size and not less than 3 inches in diameter 
to prevent clogging by frost. The minimum ex-
tension above the roof is 6 inches. Figure 7 
illustrates some common methods of flashing 
vent terminals. 
11 
Each trap installed in a drainage system must 
be vented. Traps may be provided with indi-
vidual vents (sometimes referred to as back-
vents or continuous vents) or a common vent. 
Figure 8 illustrates the use of the three types 
of vents. 
Figure 8 
common vent 
branch waste 
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Common vents are useful when sinks or lava-
tories are located side-by-side or when a new 
fixture is to be added to an existing drainage 
system. A new fixture could be added below 
or above an existing fixture as long as the low-
er fixture is the one of the greater flow. For 
example, the upper fixture could be a lavatory 
(one fixture unit) and the lower fixture a new 
tub or shower (2 fixture units). 
The drainage system for a bathroom grouping 
is somewhat more complex than for a kitchen 
since there are more fixtures in the bathroom. 
A typical bathroom drainage system is shown 
in Figure 9. 
The bathroom also uses the largest sizes of 
drainage line, and, once installed, they are diffi-
cult to relocate for remodeling purposes. The 
traps on each fixture must be vented, as they 
are in the kitchen. The traps in Figure 9 are 
shown with a loop vent so that each trap has an 
individual vent connection. It is also possible 
to use a system called "wet venting". (Local 
regulations should always be checked before 
plumbing is installed or disturbed). 
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Figure 10 illustrates an example where the 
lavatory waste line is used as a vent for the 
bathtub. If two lavatories are installed, the 
drainage line would be increased to 2 inches. 
Figure 11 illustrates the principle of wet vent-
ing applied to two-story installations. The 
kitchen sink on the floor is located almost 
directly below the second floor bath. 
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Some local plumbing codes allow "stack-vent-
ing". Stack venting as illustrated in Figure 12a, 
uses the waste line as the vent for all the fix-
tures in a bathroom grouping. A kitchen sink 
may also be included in a one-story building. 
Each fixture must connect independently to the 
stack and the bathtub and water closet must 
enter at the same level. 
In areas where the sewers are subject to over-
loading, it is best to provide an individual vent 
for the sink and connect the waste line below 
the water closet connection as shown in Figure 
12b to provide a relief vent. 
When the building drain must be installed as 
high as possible in order to connect with the 
sewer or disposal field, the water closet and 
bathtub may connect to the horizontal drain as 
shown in Figure 12c. 
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The waste lines from each fixture or group of 
fixtures are connected to the building drain. 
The building drain takes the waste material to 
the sewer system or other disposal system. 
The building drain must be installed with the 
proper slope (1/8" to 1/4" per foot). The steep-
er slopes will provide higher velocities and will 
increase the carrying capacity of the pipe and 
will tend to keep the drain pipe clean. 
Table II lists the fixture-unit rating for common 
residential plumbing fixtures. Tables III and IV 
can be used to size building drains and horizon-
tal fixture branches and stacks. 
TABLE II 
Bathroom group (water closet, 
er, and lavatory) 
with flush-valve w. c. 
bathtub 
kitchen sink 
with food disposal 
floor drain 
lavatory 
with large draJn 
laundry tray 
shower stall 
water closet, tank type 
with flush valve 
TABLE III. BUILDING DRAINS 
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Maximum Number of Fixture Units That May Be 
Connected to Any Portion' of the Building Drain 
Fall per Foot 
Diameter 
of Pipe 
(inr-hes) 7i6 1 nch }~Inch 
2 .... . ... 
2!-1 .... . ... 
3 .. . . 
I 
202 
4 180 
5 .... :390 
6 
I 
700 
8 1,400 1 ,<lOO 
10 2 .500 2 , 900 
12 3,()00 
I 
4,600 
15 7 .000 8,:300 
1 trwludrs branches of the builrli11g drain. 
:: \"nt over !\\• : '.\'1tf'r C'hH;e t<ot. 
%' lrwh 3-'2 Inch 
21 26 
24 
I 
31 
272 :~62 
216 250 
480 5i5 
840 1,000 
1 ,920 2 ,300 
:~.500 4,200 
5,600 6,i00 
10,000 12 ,000 
TABLE IV. HORIZONTAL FIXTURE BRANCHES 
AND STACKS 
l\laximum .:\umber of Fixture Units That May Be 
Connec:ted to: 
One Stack 
of 3 
Auy Stories ill 
Diameter Horizontal' Height 
of Pipe Fixture or 3 
(inches) Branch Intervals 
1%' 1 2 
lYz J 4 
2 li 10 
2!-:l 12 20 
J 202 J03 
-1 160 2-10 
.') 060 540 
(i 620 !JtiO 
IS 1 ,400 2 .200 
10 2 ,500 a;soo 
12 3,900 6,000 
15 7 ,000 
'!Joes not mclude branches of the building drain 
' Not over two water dosets. · 
" Not over six water closets. 
I l\Iore than :3 Stories ill 
Height 
----------~--
Tota l at 
Total One Story 
for or Branch 
Stack Interval 
------
----
2 1 
8 2 
24 li 
42 9 
603 w~ 
500 !)0 
1, LOO 200 
1,!)00 :150 
a,ooo GOO 
5,600 1,000 
8,400 1 ,500 
.... 
bathtub or show-
6 
8 
2 
2 
3 
1 
1 
2 
2 
2 
4 
8 
HEATING SYSTEMS 
___ high density 
~~~~~~~ceiling panels 
Figure 13 
Probably the most difficult task in providing 
heating and/ or cooling for a kitchen is finding a 
suitable location for the terminal device of the 
heating/ cooling system. 
Generally the outside walls of the kitchen are 
lined with cabinets, making it almost impossible 
to locate air registers, hydronic baseboards or 
electric resistance baseboards on the wall. If 
electric ceiling cable or panels such as shown in 
Figure 13 are used, there is no particular prob-
lem except interference from the soffit work 
over the upper cabinets. 
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Registers for air systems and small electric-
resistance blower-operated units can be located 
in the toe space beneath the lower cabinet as in 
Figure 14. These are acceptable for heating but 
registers in the toe space present problems of 
proper air distribution for cooling applications. 
If they are used they should be considered for 
heating use only and provision should be made so 
that they may be blocked or turned off in summer 
when the cooling system is in operation. 
If a hydronic system is used, a valance-type unit 
as shown in Figure 15 can be installed over the 
kitchen windows which will operate satisfactorily 
for either heating or cooling operations. 
When a separate cooling system is installed, the 
registers may be located in the ceiling and no 
difficulty exists. 
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Figure 15 
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WARM AIR SYSTEMS 
Warm air systems require an outlet such as shown 
in Figure 16 to deliver the heated (or cooled) 
air to the room or space. The outlets may be 
floor or wall registers or ceiling diffusers. Re-
turn air-intakes are necessary to return the air 
to the furnace to be reheated (filtered, humidified) 
and redistributed to the supply outlets. 
In general, supply outlets should be located at the 
outside walls, preferably under windows or large 
glass areas, and return-air grilles should be lo-
cated either high or low on the wall. Ceiling dif-
fusers can be used on the second floor of two-
story homes, and on the upper floors of multi-
storied buildings as long as there are heated 
spaces below the floor and there are no large 
glass areas that can cause drafts across the 
floor. 
BASEBOARD DIFFUSER 
Figure 16 
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'· .... 
Concrete floor slab 
This diagram illustrates gen-
eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal -
lation guide. 
Figure 17 
PERIMETER-LOOP AND -RADIAL SYSTEMS 
Perimeter heating systems with a down-flow 
furnace are intended for basementless houses 
built on concrete slabs. The warm air from the 
furnace is circulated through a duct system which 
is embedded in the concrete slab. The warm air 
in the ducts is discharged into a room through 
outlets-either floor or baseboard diffusers 
placed on the outside walls, usually below win-
dows. Air is taken back to the furnace through 
return-air intakes at locations either on an in-
side wall or in a hallway ceiling close to the fur-
nace. Provision must be made to permit the 
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passage of air from all rooms to the return-air 
intakes. 
Several arrangements of perimeter ducts and 
feeder ducts are possible. The ducts may be of 
sheet metal, vitrified tile, concrete pipe, or 
other precast forms. 
A perimeter-loop heating system (Figure 17) uses 
a duct system that encircles the slab at its out-
er edge and is connected to the furnace by feeder 
ducts. 
A perimeter-radial system is similar to the peri-
meter-loop system. However, floor temperatures 
will not be as uniform as with the loop system. 
The radial system can also be used in crawl-
space and basement construction. It is more 
economical to install than a perimeter-loop system. 
A perimeter heating system: 
• Is designed to eliminate cold floors and retain 
all the advantages of a forced warm air heating 
system. 
• Is economical to install. 
• Needs very little floor area since a down-flow-
type furnace has been designed for basement-
less installations. These furnaces may be 
placed in closets with minimal clearances. 
When located in confined areas provision must 
be made for supplying combustion air to the 
furnace burner if a combustible fuel is used 
(gas, oil, propane). 
• Can be used for summer cooling with the ad-
dition of cooling equipment. Floor registers 
or registers that can be adjusted to blow the 
air high into the room toward the ceiling are 
recommended. 
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This diagram illustrates gen-
eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal -
lation guide. 
Figure 18 
EXTENDED-PLENUM SYSTEM 
Air circulation in the extended-plenum system 
(Figure 18) is maintained by a blower (fan) in the 
furnace. Air is warmed by the heated surfaces 
of the furnace and then distributed to the various 
rooms through supply ducts and supply outlets. 
The blower also draws the room air back to the 
furnace through the return-air intakes and re-
turn ducts to be filtered and reheated. After the 
room air has been heated and filtered it is re-
distributed to the rooms. 
Adjustable registers and diffusers located on 
the outside wall at floor level, preferably below 
windows, are recommended for heating. The 
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supply outlets so installed will curtain the cold 
outside wall with warm air and will not discharge 
directly on the occupants. Ceiling diffusers may 
be used in rooms, such as second floor bedrooms, 
that do not have large glass areas and are lo-
cated over heated spaces. 
For small houses where doors to rooms are 
left open, a single central return-air intake may 
be sufficient. In larger structures, and in homes 
where room doors will be kept closed, multiple 
return-air intakes may be necessary. The re-
turn-air intakes are usually located on inside 
walls, or in the ceilings of hallways. 
An extended-plenum system: 
• Responds rapidly to changes in outdoor tem-
perature. 
• Is economical to install. 
• Is adaptable to basementless houses and large 
structures. and to the heating of basement 
rooms. 
• Can be adapted to summer air conditioning 
with the addition of cooling equipment. (Floor 
registers or registers that can be adjusted 
to blow the cooled air high into the room to-
ward the ceiling should be used for supply 
outlets. The extended plenum should be lined 
with duct insulation.) 
• Can be provided with humidification equipment. 
• Can provide controlled outdoor ventilation 
through the duct system. 
• Can incorporate electronic air cleaning 
devices. 
Warm-air systems should be designed and in-
stalled as recommended in the manuals orginally 
issued by the National Warm Air Heating and 
Air Conditioning Association. Copies of the 
manuals are available from the National Envi-
ronmental Systems Contractors Association, 
221 North LaSalle Street, Chicago, Illinois 60601. 
23 
Warm Air Systems 
Figures 17 and 18 show warm-air systems. In 
new construction, provision can be made for using 
toe-space registers (Figure 14) for heating and 
auxiliary registers located on the sidewalls for 
cooling (Figure 19) if the installed system is one 
that will provide both heating and cooling. For 
remodeling work, the relocation of ductwork can 
sometimes present serious difficulties. This 
is particularly true if the house is built on a 
slab or if there is a finished ceiling in the base-
ment below the kitchen. If the "new" kitchen is 
located in an addition to the house, it is possible 
to extend the ductwork to provide for heating 
and cooling the addition. Before this is done the 
existing furnace should be checked to see that 
there is sufficient heating and/ or cooling capac-
ity for the addition (Figure 20). The blower unit 
must also be checked to see that it is capable of 
delivering the additional air requirement of the 
new room. It may be necessary at times to re-
place the blower assembly or the blower motor 
in order to increase the air-handling capability 
of the system even though the furnace bu,rner 
has sufficient heating capacity. It is also possible 
to increase the air handling capacity of the sys-
tem by speeding up the blower. In general, this is 
not a good practice since the increased blower 
speed will normally increase the noise level 
from the furnace. 
Extensions to existing ductwork should be sized 
and installed very carefully. Too small or poorly 
designed ductwork will result in under-heated and 
cooled spaces. If the addition is remote from 
existing air returns or if doors or other obstruc-
tion inhibit the movement of air back to the blow-
er, the return air duct system must also be 
extended into the addition. 
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Figure 19 
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HOT WATER SYSTEMS 
Convectors and baseboard units are devices for 
transferring heat from the water to the air of the 
rooms. 
CONVECTORS 
Convectors consist of a core (either a small 
tube or a hollow cast-iron section), which has 
a number of thin "fins" or metal places attached 
to it. Hot water heats the core and fins which, 
in turn, warm the air passing over them, as in 
Figure 21. 
The core and fins are enclosed in a cabinet, 
causing a more effective air flow over the 
heated surfaces than if they were exposed. 
Convectors may be installed against an outside 
wall, or they may be recessed in the wall with 
only the air openings exposed. Preferred lo-
cation for a convector is under or near a window. 
Baseboard Units 
Baseboard heating units such as in Figure 22 
are used with hot-water systems. 
These units resemble conventional baseboards 
and are installed along the outside walls of each 
room in place of the usual wood baseboard. Hot 
water circulating through the sections transmits 
heat to the room. 
Baseboard units are made of hollow sections of 
steel, or finned tube placed behind a sheet-metal 
enclosure. 
Baseboard units achieve even temperatures 
throughout the room because the units distribute 
the heat near the floor which normally is the 
coolest part of the room. The concentration of 
heat near the floor makes the units especially 
desirable for basementless houses. Baseboard 
units are adaptable to new construction or 
modernization work. 
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FAN-COil UNIT 
Figure 23 
FAN-COIL HEATING SYSTEM 
The fan-coil unit is often used when both heat-
ing and cooling are to be provided. Water is 
heated (or chilled) at a central point and then 
pumped through the pipes to the terminal units 
located in the rooms. The fan-coil unit consists 
of a finned-tube coil and a fan section, as in 
Figure 23. The fan section circulates air from 
the room or from outdoors over the coil section, 
thus heating or cooling the air. The recirculated 
air is generally filtered as it is drawn into the 
enclosure. This cleans the air in the room and 
in addition keeps the motor and coil from being 
plugged by lint and dirt. 
The piping system may be a one-pipe system if 
only heating is to be supplied or a two-pipe sys-
tem for heating and cooling. Three- and four-
pipe systems can also be used and will add to 
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the flexibility of being able to heat and cool in 
different rooms at the same time. The tempera-
ture in the room may be controlled by valves on 
the unit or by a thermostat located in the room. 
Fan-coil units are not usually used in houses. 
They are readily adaptable to apartment houses. 
Since the fan is located in the room, they may be 
somewhat noisier than other central systems. 
Maintenance: In addition to the items mentioned 
for the hot-water heating system on page 00 the 
filters at the units must be cleaned or replaced 
periodically and the fan motors must be lubricated. 
Design and Installation: Fan-coil heating/ cooling 
systems should be designed and installed by pro-
fessionals. 
FORCED HOT-WATER HEATING SYSTEM 
In a forced hot-water system, the water is heated 
in the boiler and is forced through the pipes 
(mains and riser) to the room heat outlets. The 
circulation of water is produced by the action of 
a circulating pump at the boiler. The pump is 
motor driven and requires electrical connections. 
Two basic types of piping layout are common: 
The one-pipe system (Figure 24)-This has a 
single pipe or main which supplies the heated 
water to the baseboard units (or convectors or 
radiators) and also returns the cooled water 
from the units to the boiler. 
The two-pipe system - This system has two mains. 
The heated water is supplied to room heating 
units through a supply main, and the cooled water 
is returned to the boiler through a separate 
return main. 
This diagram illustrates gen-
eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal -
lation guide. Radiators or 
convectors may be used in-
stead of baseboard units. 
A forced hot-water system: 
• Responds rapidly to changes in outside tem-
perature. Water temperature can be varied 
in accordance with changing weather so that 
uniform room air temperatures are maintained. 
• Can be used to heat domestic water the year-
round when heating coils are installed with the 
boiler. 
• Can be used in basementless houses and for 
the heating of basement rooms. Circulation 
of water by means of the pump makes it pos-
sible to locate baseboard units or convectors 
either above or below the level of the boiler. 
• Makes possible a large amount of usable base-
ment space since small pipes can be used for 
the mains and risers. (The pump is capable 
of circulating water against high friction, 
heads, making large pipes unnecessary.) 
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Figure 25 
Heat Outlets: Convectors or baseboard units may 
be used. 
Hot-water systems should be designed and in-
stalled as recommended by the Institute of 
Boiler and Radiator Manufacturers. Copies of 
the manuals are available from the IBR, 35 
Russo Place, Berkeley Heights, New Jersey 
07922. 
Manuals for the design and installation of elec-
tric systems are generally available from the 
local utility 
Hydronic Systems 
Hydronic systems. as shown in Figure 24, con-
sist of a burner that converts fuel to heat. a 
pump to move the heated water through the sys-
tem, piping to carry the heated water, and ter-
minal units to transfer the heat to the room air. 
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In small kitchens or layouts such as corridor 
or U-shape kitchens, the walls are lined with 
cabinets making it difficult to locate baseboard 
units. A valance unit such as shown in Figure 
15 can be used or the radiation necessary to 
offset the heat loss of the kitchen can be located 
in an adjoining breakfast area or other space 
immediately adjacent to and open to the kitchen. 
In extreme cases where the equipment cannot 
be located in an adjacent space, part of the wall 
space must be left free for the installation of a 
convector, such as in Figure 25, with or with-
out an integral fan unit to help distribute the 
warmed air. 
Generally, hydronic systems are not designed as 
combination heating/ cooling systems. Chilled 
water pumped through the system can be used for 
cooling if valance units are installed throughout 
the house. This is not a typical installation, 
however. 
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eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal-
lation guide. 
Figure 26 
ELECTRICAL HEATING SYSTEMS 
Electricity may be thought of as a "fuel" much 
the same as coal, oil, or gas. If it is used to 
"fire" a furnace or boiler then heating with 
electricity is basically the same as with any 
other fuel. 
Resistance Heating 
Electric baseboards are similar to the base-
boards described in this manual except that in-
stead of having hot water passing through the 
baseboard they are manufactured with an electric 
heating element very similar to the element used 
on an electric range. The units installed in each 
room or area are controlled by a separate thermo-
stat mounted on the wall or installed as part of 
the baseboard unit. 
Furnaces and boilers that use electricity as a 
"fuel" operate in the same fashion as other equip-
ment using combustible fuels, with electrical 
resistance elements replacing the combustion 
chamber. Heat is distributed as shown elsewhere 
in this manual. 
Electric ceiling-cable systems can provide sat-
isfactory heating. Electric resistance cables 
are attached to the ceiling lath and embedded in 
plaster or the cables may be "sandwiched" be-
tween two layers of drywall as shown in Figure 
26. The panel attains a temperature of about 
100 to 120F. It is also possible to purchase a 
drywall material with the cables already em-
bedded in the board. 
Heating of the room takes place by the radiant 
effect of the warm panel and by convection of 
air moving over the panel and over the floor 
which is warmed by the radiant panel. 
The cable lengths are made up of wire specifically 
designed for used in panel heating. Heating re-
quirements are met by varying the length and 
spacing of the cable. The cable assemblies are 
equipped with non-heating leads which permit 
connections to be made at the thermostat with-
out having heated wires in the wall. 
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When ceiling cable installations are used, the 
space above the panel is usually insulated. This 
prevents excessive heating of the room above, 
which would make temperature control very dif-
ficult. Also, when this system is used in apart-
ments, the use of insulation prevents the heating 
of upper apartments from the lower floors. 
Lightweight, acoustic, or insulating plasters can-
not be used over the cables, and caution must be 
used during construction to protect the cables 
from damage. 
Ceiling-cable systems: 
• Are usually less expensive to install than other 
electric-resistance heating systems. 
• Do not use any floor space. 
• Are used with thermostatic controls to give 
room-by-room tempeature control. 
• Do not interfere with furniture location. 
• Need supplementary heating equipment when 
there are large glass areas in the room that 
can cause drafts across the floor. 
Other resistance-type heaters are available in 
the form of panels of glass or metal that are 
mounted on the wall; units that have a small fan 
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which circulates the heated air; and hot-water 
baseboards in which the water is heated in the 
baseboard by electrically heated elements simi-
lar to those used in a water heater. Also avail-
able are resistance units that may be inserted 
in the branch supply ducts of a central air duct 
system. 
For kitchen installations a small unit or units 
may be installed in the toe space of the base 
cabinets that resemble warm-air system reg-
isters. These units are equipped with small 
blowers to provide air circulation over the re-
sistance elements. 
If wall space is not available for baseboard 
units and a toe-space installation is also not 
practical, electric cable can be stapled to the 
ceiling. It is also possible to install electric 
resistance panels on the ceiling. These are 
rectangular in shape and resemble acoustical 
tile in their appearance, as in Figure 13. 
With electric resistance heating a separate cool-
ing system must be installed. Heat pump instal-
lations are possible in some locations. These 
systems require ductwork and in general the 
comments made on warm-air systems would 
apply to them as well. Heat pumps can be used 
for both cooling and heating with supplemental 
resistance heating elements installed in the 
ductwork for very cold weather operation. 
l 
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HEAT PUMP 
Figure 27 
Electric Heat Pump 
The electric heat pump (Figure 27) is essentially 
a reversible refrigeration unit. In the summer 
it operates as a typical air cooling unit. Heat 
is extracted from the air inside the house and 
dissipated outside the house. In the winter, the 
process is reversed. Heat is extracted from 
the outside air, ground, or well water, and is 
then distributed in the house, generally by means 
of a typical duct system as described under 
warm air heating systems. The process is con-
trolled by one or more thermostats located in-
side the house. 
Installation costs are higher than for a resistance-
type heating but are comparible to the cost of 
installing separate systems for heating and 
cooling. In general, heat pumps are less ex-
pensive to operate than resistance heaters. 
When outdoor temperatures are low, heat pumps 
using the outside air or the ground as heat sources 
operate at reduced efficiencies and supplemental 
resitance heaters are required. Heat pumps are 
usually sized for the cooling load, and in northern 
climates added resistance heaters are necessary 
to meet the heavier winter heating loads. 
Advantages and Disadvantages 
Heating with resistance heaters has the advan-
tages of lower installation costs, no combustion 
of fuel in the house and thefore less noise and 
less maintenance, no space required for fuel 
storage, and no space required for duct work, 
piping, boiler or furnace, or chimney. They also 
offer the advantage of complete room-by-room 
control of temperature. Heat pumps offer the 
advantage of all-year climate control in one unit. 
Heating with electricity has its disadvantages, 
too. Operating costs will generally be higher 
than with other fuels except where electric 
energy is available at favorable rates. More in-
sulation will generally be required to keep op-
erating costs from becoming excessive. When 
power failures occur, heating is not possible. 
(This is true, however, of most automatic sys-
tems.) With resistance-type heaters not em-
ploying moving air, control of humidity is diffi-
cult. In houses of tight construction, humidistat-
operated ventilating fans may be required. 
Design and installation of electric heating sys-
tems should be done by competent craftsmen. 
Many utility companies will, upon request, give 
advice to those people interested in heating 
with electricity. 
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SELF-CONTAINED SYSTEMS 
In addition to electric self-contained systems, 
it is possible to install units that use natural 
or manufactured gas for fuel, as in Figure 28. 
In appearance these units look like convectors 
or fan-coil units. Each unit contains a small 
furnace that heats the air circulated through the 
enclosure by a fan section. Air for combustion 
of the fuel is drawn in from outdoors(Figure 29). 
It is never in contact with and cannot mix 
with the air in the room. 
Some units are available with special duct sec-
tions so that warmed air can be circulated to 
other parts of the room or to other rooms near-
by. The distance that the air can be ducted is 
limited. 
A self-contained system: 
• Is easy to install in any room. It is partic-
ularly convenient to use in room additions 
when it is not possible to extend the main 
heating system. It is also convenient for use 
in rooms that need not be heated all of the 
time, such as enclosed porches. 
• Can be used with conventional thermostatic 
controls. Will give individual room control. 
• Can be used in basement rooms for supple-
mentary heating. 
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This diagram illustrates gen-
eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal -
lation guide. 
Combustion 
air outlet 
CROSS SECTION OF THROUGH-THE-WALL UNIT 
Figure 29 
• Can be purchased with cooling equipment in 
the same cabinet. 
Maintenance: Is similar to requirements for 
warm-air furnances. 
Design and Installation: Heat loss should be 
estimated from procedures of National Warm Air 
Heating and Air Conditioning Association. Equip-
ment should be installed by competent heating 
contractor. 
Cooling Systems 
In many cases it may be desirable to install a 
cooling system that is seprate from the heating 
system. This will be the case in most hydronic 
installations and in electric resistance heating 
systems. A central cooling system is similar 
to a warm-air system except that the cooled air 
is introduced through ceiling diffusers or high 
sidewall registers rather than at the perimeter 
of the room under windows. This usually results 
in shorter main duct runs and will provide better 
distribution. 
Extending or relocating the ductwork from an 
existing central cooling system requires the 
same precautions as taken with extending or re-
locating warm-air system ducts. The locations 
of registers and diffusers are also critical. 
Poorly located outlets will result in drafts or 
the location of furniture drectly in thepath of 
very cool air which would make the occupant 
uncomfortable. 
INSTALLATION 
The heating contractor should supply layouts, 
service agreements, guarantees and operating 
instructions for all pieces of equipment. The 
heating contractor should also indicate in his 
estimate how much work, such as plumbing and 
electrical connections, is included. He should 
state in writing that the system that he will in-
stall will maintain a specified interior tempera-
ture at a specified outside temperature and wind 
conditions. 
FUELS 
The systems described in this manual can use 
any fuel (natural gas, propane, coal, oil, electrical 
energy) with the few exceptions noted in the ac-
companying discussions. The fuel used will de-
pend primarily on its availability and the rela-
tive cost when compared to other available fuels. 
To some degree the convenience offered by the 
fuel may affect choice, although most modern fuels 
offer about equal operating convenience. The 
equipment selected should be designed for the 
intended fuel to give the highest operating ef-
ficiency. 
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CONTROLS 
The heating systems described in this manual 
are operated by automatic "controls". These 
devices include thermostats, fuel valves, safety 
controls and switches to operate fans and pumps. 
They are designed to run the system automatically 
so that it functions only when heating is needed. 
This helps to keep the house at an even tempera-
ture, which adds to the comfort of the occupants 
and to the economical operation of the system. 
The heart of the control system is the thermo-
stat(Typical unit shown in Figure 30) The 
thermostat is essentially a temperature sensi-
tive switch that turns the heating system (or 
cooling system) on and off. Some thermostats 
are designed so that various stages or parts of the 
the heating system can be turned on or off so 
that the heat input is "modulated" to match the 
heat loss of the house. Many thermostats are 
equipped with small heating elements called 
anticipators. The anticipator raises the tempera-
ture within the thermostat case, giving it a false 
reading and causing it to turn off the system be-
fore the room reaches the desired temperature. 
The residual heat in the system will then bring 
the temperature up to the desired point. If there 
is not sufficient residual heat, the thermostat 
will sense the deficiency and turn the system on 
again. In this way the desired temperature is 
reached in small steps so that the house is not 
overheated with a resultant waste of fuel and 
discomfort to the occupants. 
In many instances one thermostat is used to con-
trol the temperature in several rooms. Actually, 
it can only sense the temperature in the room 
where it is located. For this reason it is im-
portant that the thermostat be located either 
where the temperature is representative of the 
whole house or where temperature control is 
most important. Locate the thermostat at a 
height of 2-1/2 to 4 feet above the floor, as in 
Figure 31; avoid locations on outside walls, near 
outside doors, or in bedrooms where windows may 
be left open. Likewise, do not place it near heat 
outlets, behind doors, on walls that receive heat 
from the sun or fireplace, or on walls that house 
heating pipes, ducts, or chimneys. A void lo-
cations that may interfere with furniture place-
ment. Lamps, TV sets, or radios under a thermo-
stat will give it false readings and result in poor 
control of the heating system. 
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THERMOSTAT 
Figure 30 
DO NOT SET THERMOSTAT AT 90° 
mercury switch 
thermometer 
sensong 
element 
adjustable heater 
SET IT AT TEMPERATURE DESIRED 
A thermostat setting higher than 72° will not make 
the room temperature reach 72° any faster 
Thermostat should be located 2 to 4 feet from floor 
Figure .31 
Zone control makes it possible to maintain an even 
temperature in rooms with varying sun and wind 
exposure 
Figure 32 
In some cases it may be desirable to divide the 
house into two or more zones for heating (or 
cooling) control, as in Figure 32. With non-
central systems (such as electric resistance 
baseboard or ceiling cable) this is relatively 
easy to achieve. With ducted or piped systems 
the distribution lines must be specifically de 
signed for this purpose. Zoning is not used to 
maintain different temperatures within different 
parts of the house as much as it is used to main-
tain the same temperatures throughout the house. 
The thermostat should be set at the point at 
which the occupants are most comfortable and 
left at that setting except for special circum-
stances. These special times occur at very cold 
outside temperatures when heating is almost 
continuous. At that time thermostats equipped 
with anticipators may have a tendency to "droop" 
and maintain a temperature a few degrees below 
the setting. In this case the thermostat setting 
will have to be adjusted. 
A very high setting on the thermostat will not 
make the temperature raise any faster nor will 
a very low temperature cause the house to cool 
any faster. The speed at which the temperature 
in a house will respond to a change in the thermo-
stat setting will depencj on the type of heating 
system and the construction of the house. 
The thermostat settings may be lowered 5 to 10 
degrees at night during sleeping hours. Research 
indicates a savings of 5 to 10% in operating 
cost with night set-back. 
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Typical Ratings per Section of Cast Iron Radiators 
Height Columns Btuh per Section *EDR 
Column-Type 
4-column 22 2 540 2 1/4 
22 4 960 4 
26 2 640 2 2/3 
26 4 1200 5 
26 5 1680 7 
Large Tube 
26 3 560 2 1/3 
26 4 660 2 3/4 
26 6 960 4 
38 3 840 3 1/2 
38 4 1020 4 1/4 
38 6 1440 6 
3-column 
Small Tube 
25 3 384 1.6 
25 4 432 2. 0 
25 6 720 3.0 
32 6 888 3.7 
*Ratings based on steam at 215°F. 
Typical Ratings for Baseboard Heating Elements 
Length 
large tube 
2 
4 
6 
8 
10 
Finned Tube 
Mbh* 
1.8 
3.7 
5.5 
7.4 
9.2 
Cast Iron 
Mbh* 
2. 6 
3.9 
5.2 
6.5 
*Based on an average water temperature of 220°F. 
small tube 
Frequently in kitchen remodeling it is desirable 
to replace old fashioned radiators with new 
baseboard units. Radiators are generally of 
cast iron and are of the "column," "large tube" 
or "small fube" design as shown below. The 
output of these l.Ulits is expressed in Btu per 
hour (Btuh), 1000 Btu per hour (MBTU) or in 
square feet equivalent direct radiators (EDR). 
Columns and large tube radiators are no long-
er manufactured but small tube radiators are 
still available. The tables below give typical 
ratings for sorre of the more common sizes of 
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radiators that are likely to be encountered in 
older residences. When they are replaced by 
modern equipment such as convectors, finned 
tubes, or baseboard radiators the replacement 
must be sized to supply a similar amount of heat-
ing. The tables also give some typical outputs 
for finned tube and cast iron baseboard for com-
parison purposes. It is always best to consult 
the literature published by the manufacturer of 
the equipment for the exact amount of heat in-
put of the tmit. 
Each year more and more homeowners equip 
their homes with a summer cooling system. The 
benefits of summer cooling are obvious-cleaned, 
cooled and dehumidified air, and COMFORT. 
With installation of a cooling system, the win-
dows can be kept closed, excluding dirt, dust, 
pollen, and other disagreeable elements. 
This section is intended to familiarize the reader 
with (1) the various methods that are available 
for cooling residences; (2) the types of equip-
ment that are used; (3) the terms used to de-
scribe the various elements and systems; and 
(4) the operation and installation methods that 
will give the best results. It is not intended to 
be an instructional manual on how to design and 
install a cooling system. 
In order to understand how a cooling system 
operates, it is important to have some knowledge 
of the components that make up the system. The 
following terms will be used in describing the 
operation of the various systems. 
compressor - this is a pump and is the part of 
the system that removes the refrigerant from the 
evaporator (cooling coil) at low pressure and in-
creases the pressure before sending it on to the 
condenser. 
COOLING SYSTEMS 
condenser- the part of the system that removes 
heat from the compressed refrigerant (gas) after 
it leaves the compressor, and, in the process of 
cooling it, changes the refrigerant into a liquid. 
Generally, the condenser is located outside the 
house in a cabinet which contains the compressor. 
expansion device - a valve or a restriction in the 
piping between the condenser and the evaporator. 
As the liquid refrigerant flows through the de-
vice, the pressure is reduced and the liquid is 
injected into the evaporator. 
evaporator (cooling coil) - the part of the sys-
tem which chills the air or water used for cool-
ing the house. When the pressure on the refrig-
erant is reduced at the expansion device as it 
enters the evaporator, it changes back to a cold 
gas. This cold gas on the inside of the cooling 
coil absorbs heat from the air or water passing 
over _the coil. This cooled air or chilled water 
is delivered to the house through ducts or pipes. 
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COMPRESSOR-CYCLE EQUIPMENT 
Most residential cooling equipment uses a "com-
pressor-cycle" system as diagrammed in Figure 
33. In compressor-cycle equipment, the refrig-
erant, usually Freon, is put under high pressure 
and high temperature as it passes through the 
compressor. In the condenser (an arrangement 
of finned tubes similar to the radiator in a car) 
heat is removed from t.he refrigerant by blow-
ing outdoor air or pumping water over the fins, 
causing the refrigerant to condense into a liquid. 
At the expansion device, the pressure on the 
cooled liquid refrigerant is sharply reduced, and 
as it enters the evaporator, another radiator-
like device, it evaporates into a gas. As it evap-
orates, heat is taken from the surrounding air 
or water that is passing over the evaporator. 
As room air passing over the evaporator is 
cooled, moisture in the room air will condense 
on the fins or coils and be drained away. This 
dehumidifies the air, which is a major benefit 
of summer cooling. If insufficient room air is 
flowing through the evaporator (cooling coil) the 
evaporator becomes very cold, and the coil tem-
perature could fall below 32F. If this happens, 
ice will form on the coil and block the passage 
of air. Cooling effectiveness is lost and continued 
operation could damage the equipment. Lack 
of air flow can be caused by a slipping or broken 
belt on the air blower or clogged air filters. 
Another frequent cause of icing of the evaporator 
is low refrigerant pressure, usually due to a leak. 
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ABSORPTION-CYCLE EQUIPMENT 
The absorption-cycle system, diagrammed in 
Figure 34, operates by heat, (commonly a gas 
flame) rather than pressure, and uses a re-
frigerant that is alternately absorbed and re-
leased by an absorbent. The common systems use 
ammonia as refrigerant and water as absorbent, 
or water as refrigerant and lithium bromide so-
lution as absorbent. 
In this system, the compressor is replaced by a 
generator, but otherwise the process is similar 
to the compressor system. Heat is applied to 
the generator and the refrigerant is boiled out of 
the absorbent. The refrigerant, under high pres-
sure, passes on to the condenser, where it is 
cooled and condenses into a liquid. From the 
condenser, the liquid refrigerant passes to the 
evaporator through an expansion device. When 
the pressure is reduced on the liquid refrigerant, 
it evaporates and absorbs heat from the water 
flowing over the evaporator coil. The chilled 
water is then pumped to the cooling coils or con-
vectors in the house. The refrigerant, now in a 
vapor form, passes on to the absorber, where it 
forms the solution that is pumped back to the 
generator. 
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HEAT PUMPS 
The operation of a heat pump (Figure 35)is 
identical to the operation of compressor-cycle 
equipment. The only difference is that a valve 
system can be used to select which of two coils 
acts as the condenser and which the evaporator. 
In the summer, the equipment operates identical-
ly to the compressor equipment described above, 
with the condenser outside the house and the 
evaporator in contact with the air circulated with-
in the house. 
In the winter, the functions of the coils are re-
versed and the coil inside the house becomes the 
condenser and the coil located outdoors the 
evaporator. Heat is extracted from the outdoor 
air, even when it is cold, and then transferred 
to the indoor air passing over t~e condenser. 
The heated air from the condenser is then dis-
tributed through the house. The system gets its 
name because it takes a quantity of heat from 
the ·Outdoor air at low temperature, and, through 
a mechanical process, makes it possible to de-
liver the same quantity of heat, but at a much 
higher temperature, into the house. The work 
that is required to do this represented by the 
power that is used by the compressor motor. 
The heat output of the system that is useful for 
heating indoor air may vary between 1 and 5 times 
the heat equivalent of the power required to run 
the compressor. The actual ratio depends on the 
temperature and humidity of the outdoor air and 
of the indoor air. In the heating position, the 
coefficient of utilization. or effective efficiency, 
goes down as the outdoor air temperature gets 
colder, until it is no longer efficient to operate 
the equipment. At this point, supplemental re-
sistance heaters are switched into the system. 
For most heat pumps, air is used as the outdoor 
source for either extracting heat in the winter 
or rejecting heat in the summer. However, where 
water is available it can be used as a source. 
Heat pumps are available in room-size or cen-
tral-system size units. 
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Figure 35 
condenser 
Outside unit containing compressor and condenser 
Figure 36 
DUCTED AIR COOLING SYSTEMS 
Ducted-air cooling systems afford the home own-
er the advantage of whole house cooling and air 
filtering. Night air cooling with cool outside 
air circulated through the house can also be pro-
vided where the outdoor air is of acceptable 
quality. Equipment can be obtained which re-
quires only power and duct connections for a 
complete installation. Single-unit ducted sys-
tems are usually less expensive than other types 
of complete home air conditioning systems. 
Simple servicing and maintenance can provide 
dependable operation. 
EQUIPMENT 
Compressor-cycle (including heat pump) and ab-
sorption-cycle equipment can be obtained in the 
following combinations for use with an air duct 
system: 
Remote Air Conditioning Units 
Furnace-mounted cooling coils connected to a 
remote outdoor compressor-condenser unit as 
in Figure 36. This equipment consists of evap-
orator coils mounted in a furnace plenum (up-
flow or down-flow) and utilizes the furnace blower 
to move air through the coils. The indoor coils 
are connected to the outdoor compressor-con-
denser unit by piping which carries the refrig-
erant. 
Independent evaporator unit. This equipment 
consists of a blower, cooling coils, and filter 
combined in a package independent of the heat-
ing system, which is connected to an outdoor 
compressor-condenser unit by piping. It may 
be connected to an existing duct system or to a 
separate duct system for cooling. 
Self-contained Air-Conditioning Unit 
In this type of equipment, the evaporator, blow-
er, filter, compressor, and condensing unit are 
combined in one package located outside the 
house. No external piping is necessary. Open-
ings are required for the two ducts that carry 
the warm return air and the cool supply air into 
the building. 
While each type of ducted unit offers particular 
advantages for specific installation problems, all 
can provide satisfactory comfort performance 
when they are properly designed and installed. 
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DUCT SYSTEMS 
The air distribution system may be used for both 
heating and cooling, or as a separate duct sys-
tem for cooling alone. 
Combined year- 'round system 
For many installations, a heating duct system 
may be used in conjunction with central air con-
ditioning, as in Figure 37. Summer cooling, 
however, often requires as much as twice the 
air circulation required for heating; therefore, 
the duct sizes must be adequate to handle the 
larger quantities. In a year- 'round air condition-
ing system, the duct sizing and blower for air 
circulation are based on summer cooling re-
quirements. 
Since warm air rises toward the ceiling and 
cool air falls towards the floor, it is preferable 
to introduce heated air into a room at a low level, 
and cooling air at a high level. In a combined 
system, the best compromise is a floor or base-
board outlet which directs the air flow upward 
with sufficient velocity to reach the ceiling as 
in Figure 38. 
Advantages 
• Easier to install 
• Lower installation costs 
• Less space required 
Disadvantages 
• May require damper adjustments each season 
to condition rooms evenly. 
• May require blower speed adjustements each 
season. 
• Uncomfortable drafts may occur when cooling 
with a system having low outlets. 
Design and Installation 
Use Manual 6, Adjusting Air Conditioning Sys-
tems for Maximum Comfort; Manual 8, Appli-
cation Guide for Residential Central Air Con-
ditioning Systms; and Manual 9, Code and 
Manual for the Design and Installation of Warm 
Air and Year 'Round Air Conditioning Systems, 
obtainable from NESCA. 
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Upflow furnace-mounted system 
Downflow furnace-mounted system 
Figure 37 
For a combined heating-cooling system, the best 
type of air outlet is a floor or baseboard register 
which directs the air vertically, located along the 
outside wall, preferably under a window 
Figure 38 
Independent horizontal -flow system 
Figure 39 
When the cooling unit is installed in the attic, a 
metal pan with a separate drain should be installed 
under the unit to catch the overflowing water if the 
condensate drain should become clogged. 
Figure 40 
Separate Cooling Systems 
Separate, overhead duct systems are frequently 
installed for central summer air conditioning. 
Supply outlets should be located in the ceiling or 
high on outside or inside walls, as in Figure 39. 
Air may be returned through a single central 
intake in a small, rectangular, one-story home, 
or by multiple intakes for larger structures. 
When the cooling unit is installed in the attic, a 
metal pan with a separate drain should be in-
stalled under the unit to catch the overflowing 
water if the condensate drain should become 
clogged (Figure 40). Return-air intakes are usu-
ally located in the ceiling of a hallway or high 
on an inside wall. Ducts located in unconditioned 
spaces, (especially attics) must be well insulated 
to reduce heat gains and avoid moisture con-
densation. 
Advantages 
• Simpler duct system 
• No seasonal rebalancing 
• Less possibility of drafts since the system is 
designed for cooling 
• Can be installed in homes with existing heat-
ing systems that are not readily adaptable to 
cooling 
Disadvantages 
• Higher installation costs 
• Uses more space 
• If used, servicing of attic or roof-mounted 
equipment may not be convenient 
Design and Installation 
Use NESCA Manual 6, Adjusting Air Condition-
ing Systems for Maximum Comfort; Manual 8, 
Application Guide for Residential Central Air 
Conditioning Systems; and section 6 of Manual 
11, Summer Air Conditioning. 
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Cabinet-type fan-coil unit 
Figure 41 
CHILLED WATER SYSTEMS 
Chilled water systems can be used separately 
or combined with hydronic heating systems to 
provide summer cooling. A water chiller may 
be added to an existing piping system., or an in-
dependent piping system may be installed to 
take the chilled water to those points in the 
house where cooling is required. Servicing and 
maintenance are not difficult, and a dependable 
system can be provided. The cost of piped 
chilled-water systems is usually more expen-
sive than other types of central home air con-
ditioning systems. 
EQUIPMENT 
Both compressor-cycle and absorption-cycle 
water chillers are available. The condenser 
and chiller coil may be located remotely, or 
can be contained in one unit. 
Fan-coil Units 
Fan-coil units consist of a coil through which 
chilled water is circulated, a fan for circulating 
the air over the coil, and a filter arrangement 
for removing dust and dirt from the air. All 
this equipment is located within a cabinet or an 
enclosure, as shown in Figure 41. Fan-coil 
units may be designed for the circulation of 
either chilled water for cooling or hot water 
for heating. Variation in the amount of cooling 
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A fan-coil unit mounted above a dropped ceiling can 
serve several rooms with a short duct system 
Figure 42 
is sometimes provided by the use of a multiple-
speed fan motor. Filters are located on the in-
let side of the cabinet or enclosure so that dirt 
and dust are removed from the air before the air 
is circulated over the coil. 
Fan-coils may be installed in cabinets beneath 
the windows, or the unit may be recessed be-
tween the stud spaces in a wall. There are also 
units that are designed to be located at or above 
the ceiling as in Figure 42. With this location, 
it is sometimes possible to add short ducts so 
that a single unit can cool several rooms. A 
fan-coil unit will reduce both temperature and 
humidity. A drain system is needed in conjunc-
tion with the fan-coil unit to pipe the water re-
moved from the room air to a drain. 
A fan-coil system located at or above the ceil-
ing may be used for both heating and cooling in 
locations where the winters are relatively mild 
and no unusually large glass areas are present. 
Where heating loads are large, due to cold cli-
mates, poorly insulated homes, or unusually 
large glass areas, the winter performance of 
the fan-coil system is not as satisfactory as 
other types of hydronic heating. Under these 
conditions, maximum comfort conditions for 
both summer and winter is easier to obtain by 
the use of separate heating and cooling systems. 
Figure 43 
Combined Systems 
It is possible to combine heating and cooling 
systems using chilled or hot water by locating 
the fin-tube equipment near the ceiling line so 
that it has an appearance of a continuous valance 
along the outside walls, as in Figure 43. This 
system has proven successful for both heating 
and cooling operations where there are no un-
usually large glass areas. With large glass 
areas, supplemental fin-tube units must be in-
stalled beneath the glass areas for heating. The 
system uses the same piping for both hot water 
and chilled water. However, the piping must be 
insulated with a vapor-proof material to prevent 
condensation during the cooling months. Pro-
visions must be made to drain the condensate 
from the trough extending along the bottom of 
the valance units. This system is designed for 
new installations. 
Separate Cooling Systems 
It is also possible to install an independent chilled-
water cooling system that utilizes a piping ar-
rangement separate from that of the heating sys-
tem. This method may be used with any type of 
heating arrangement since it is independent of 
the heating and permits both the heating and cool-
ing systems to be desgined for maximum per-
fomance. One or two fan-coil units are used, 
and these are cormected by simple duct work to 
ceiling or high-sidewall registers in each room. 
The fan-coil units may be located in the attic, 
above a dropped ceiling, or any other convenient 
place in the house. The water chiller is usually 
located in the basement or utility room. This 
type of system can be employed in homes in 
which the heating system has already been in-
stalled and it is impractical to adapt the exist-
ing system to cooling. 
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INSTALLATION AND OPERATION 
To be assured of a quiet, comfortable, and de-
pendable air conditioning system, the homeowner 
should be aware of some of the general instal-
lation and operating recommendations suggested 
by manufacturers of cooling equipment. While 
local codes and ordinances may alter some of 
the following suggestions, these instructions are 
almost universally acceptable. 
SIZING OF EQUIPMENT 
Equipment should be selected so that its cooling 
capacity will be matched, as closely as possible, 
to the calculated heat gain of the dwelling. A 
standard method of calculating cooling loads is 
contained in Manual J, distributed by the National 
Environmental Systems Contractors Association, 
221 N. LaSalle Street, Chicago, illinois 60601, 
and Guide C-30 published by the Hydronics In-
stitute, 35 Russo Place, Berkeley Heights, New 
Jersey 07922. Both will give comparable results. 
Unlike heating systems, cooling systems should 
not be oversized, but work best slightly under-
sized. This is because a major benefit of cool-
ing is dehumidification, except in desert climates. 
In order to dehumidify the air passing over it, 
the evaporator must be kept cold, which means 
the compressor should run almost continuously 
for maximum comfort. 
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A solid fence and shrubbery can deflect sound from 
adjoining houses and shade the outdoor unit 
Figure 44 
LOCATION OF OUTDOOR UNIT 
Correct location of the outdoor compressor- con-
denser unit is important from two aspects. First, 
the unit makes noise, although some types are 
quieter than others. It is essential that the unit 
be located so it will not disturb neighbors. Noisy 
air conditioners have been adjudged nuisances. 
The sounds of intermittent operation are par-
ticularly annoying to someone trying to sleep in 
a room with windows open near the source of 
noise. If th unit must be located near adjoining 
buildings, it should be screened with a solid 
fence and/ or landscaping to reduce or deflect the 
sound, as in Figure 44. 
The second factor in condenser-compressor unit 
location is heat-it should be in the coolest lo-
cation that is practical, preferably on the north 
side of the building, or in the shade. The cooler 
the air entering the condenser, the more efficient 
it is. In many cases, the landscaping which con-
ceals the sound barrier can also shade the con-
denser. 
OPERATION 
The homeowner's first impulse after installing a 
central cooling system is to use it as little as 
possible. This comes as a result of worry over 
operating costs or concern over odor accumu-
lation and a desire to "ventilate the house". 
A summer cooling system should be operated in 
much the same fashion as a winter heating system. 
The house should be closed most of the time. In-
stead of turning the unit on and off by switch, 
the unit should be controlled by the thermostat. 
If the house is left open until the indoor temper-
ature becomes uncomfortable, it will take a con-
siderable length of time before the cooling system 
can "catch-up" and before there is any notice-
able change in humidity and temperature. In 
some cases it may be far into the evening be-
fore any effect is noticed. Opening the windows 
after sunset allows considerable amounts of hu-
mid air to enter the house, undoing all the work 
.of the cooling system. (There are a few days in 
early spring or fall when outdoor humidities are 
low that would be exceptions to the above state-
ment.) 
Unusually tight houses could present odor prob-
lems in the summer. Odors from cooking, 
smoking, and living can accumulate more readily 
in the summer since natural ventilation (infil-
tration) is not as high. Rather than open win-
dows to introduce outside air, it is better to pro-
vide exhaust fans in kitchens and bathrooms to 
remove odors and moisture at the source. 
Smoking is probably the most difficult odor to 
control. It is practically impossible to maintain 
a fresh indoor atmosphere in houses where 
smoking takes place. It is possible to introduce 
large amounts of ventilation air into the cooling 
system, but few homeowners would be willing 
to pay the cost of the installation and operation 
of such a system. An electronic air cleaner will 
remove some of the smoke that passes through 
it but will not remove the odor. 
For those who insist on minimum system oper-
ation, this procedure should be followed: 
If night cooling by outdoor air is used, the house 
should be closed in the morning before the in-
door temperature rises. In a well-insulated, 
shaded house the indoor temperature will not 
rise as quickly as that of the outdoor air. The 
system should then be "switched on" and the 
thermostat allowed to control it. 
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ROOM UNITS 
Window units or through-the-wall units may be 
used to cool small areas within a house, or even 
small housing units such as apartments. 
The window units fit into the opening of a double-
hung window, and special units are available for 
installation in casement windows as in Figure 
45. The units vary in cooling capacity from as 
small as 5, 000 Btuh to 35,000 Btuh*. Room air 
is circulated through the unit, where it is _cooled, 
dehumidified, and filtered. A condensate drain is 
not necessary since the moisture condensed from 
the air is evaporated into the outdoor air. The 
units are electrically operated, and many of the 
small ones can be plugged into existing electrical 
outlets. The larger units require 220-240 volts 
and use up to 20 amperes of electricity. These 
require a separate circuit that is installed par-
ticularly for the air conditioning unit. 
Through-the-wall units are simply window units 
that have been provided with a metal sleeve that 
is built into the wall, which makes the installation 
more permanent. The chief advantage of the 
through-the-wall unit is that the window is not 
obstructed by the air conditioning unit, and the 
unit may be placed hight on the wall so that the 
distribution of the cooled air is more efficient. 
The chief disadvantage of the through-the-wall 
unit is that when the unit must be replaced after 
some years of service it may be difficult to find 
another unit that will fit the sleeve. Some man-
ufacturers have standardized the size of the 
sleeves, but there are still many non-standard 
units. 
It is desirable to install room air conditioning 
units in the east or north walls of a house when 
possible, because the outside temperature is 
lower during the hottest part of theday. The op-
eration of the room unit is similar to that of a 
central system, although it is possible to run 
only those units where cooling is required and 
not to cool the entire house. Since the unit is 
located almost completely in the space that it is 
cooling, the noise of the fan and compressor 
operation is very often objectionable, partic-
ularly in bedroom areas. 
*British thermal units per hour. 12,000 Btuh 
equals one ton cooling capacity. 
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Unit for 
double-hung windows 
Section of 
thru-the-wall unit 
Unit for 
casement windows 
Figure 45 
Typical room air-conditioning unit 
Figure 46 
Figure 47 
EVAPORATIVE COOLlNG 
Evaporative coolers are designed to take ad-
vantage of nature's system of cooling air by 
evaporation of water. When water evaporates, 
heat is removed from the air. 
A typical evaporative cooler consists of a cabi-
net containing a filter pad and a fan. The fan 
draws outdoor air through the filter pad, which 
is kept moist with water. Through the evapor-
ation of this water, the air in the cabinet is 
cooled·. The air is then circulated through the 
house. Since the outdoor air must be relatively 
dry, evaporative cooling is effective only for 
hot, dry areas such as the southwestern part 
of the United States. It is not recommended 
for areas of high humidity (black areas on 
Figure 47). 
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VENTILATION SYSTEMS 
The kitchen, along with the bathroom, is a main 
generator of obnoxious odors, heat, and mois.r.. 
ture. While most people enjoy the smell of fresh 
baked bread, the left over odors of frying bacon, 
onions, and other cooking byproducts are not 
welcome. The dissipation of moisture from 
cooking and excessive heat is also a strong con-
sideration in the selection and installation of 
ventilation equipment. With well-placed venti-
lation equipment, it is also possible to exhaust 
grease-laden air released by cooking before it 
can be depostied on the walls and furnishings of 
the kitchen. 
As construction techniques have improved, the 
problem of excessive moisture has become in-
creasingly important. Excessive moisture in 
the home brings with it the problems of con-
densation, paint peeling, rusting of steel struc-
ture seams, and mold growth in crawl spaces 
and attics. The best control for moisture is to 
remove the excessive moisture at its sources! 
Kitchens can be provided with ventilation in two 
ways: a wall or ceiling fan or a hood and fan 
combination. 
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Wall and Ceiling Fans 
Wall or ceiling fans should be located above the 
range or built-in surface unit so that the air 
being exhausted will pass over the burners. 
Fan capacities are determined by the volume of 
the room and the number of times each hour 
that this quantity of air is removed from the 
room. The unit of measure is "cubic feet per 
minute" (CFM). It is commonly recommended 
that the fan should be capable of exhausting the 
room 15 times per hour. This is equivalent to 
one air change every four minutes. 
For example: 
If a kitchen is 10 feet wide and 15 feet long with 
an 8-foot ceiling height, what should be the 
capacity of a wall exhaust fan? 
Fan Capacity: Volume (cubic feet in kitchen) 
No. of minutes for each air change 
10' x 15' x 8' = 1200 cubic feet 
4 minutes 4 minutes 
300 CFM (cubi~ feet per minute) 
A simpler method to arrive at the same answer: 
Sq. ft. of floor area x 2. 0 ""'CFM 
Example: 100 )sq. ft. ) x 2. 0 = CFM 
For the recommended 8 air changes per hour 
for bathrooms, multiply floor area by 1. 07. 
For the recommended 6 air changes per hour 
for laundry rooms, utility rooms and recreation 
rooms, multiply area by 0. 8. 
Home Ventilating Institute (HVI) members com-
monly translate this information as follows on 
the product tag or in literature for wall and 
ceiling fans: 
"This fan will ventilate a residential: 
Kitchen 80 square feet 
Bathroom 150 square feet15 Laundry 200 square feet" 
I 
SAFETY 
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Figure 48 
Hood Fans 
A far more efficient way to exhaust the moisture 
and smoke from surface cooking units, as well 
as heat and odor, is to provide a hood-fan. The 
hood-fan traps and exhausts these contaminants 
before they circulate throughout the room. 
Therefore, the hood should be the full length of 
the surface cooking unit, at least 17 inches deep, 
and as close as possible to the cooking. This 
location is determined by two factors: view 
and safety. To allow a clear view of the back 
burners, the dimension from the floor to the 
bottom of the hood should be 56 to 60 inches. 
The maximum dimension is desirable for a 
hood that overlaps the surface cooking unit 18 
inches or more. These dimensions are shown 
in Figure 48. 
Hood-fan capacity is normally not based on the 
size of the room; rather, it is determined by the 
size of the hood. Since the heat, odor, moisture, 
and smoke are trapped at their source, the fan 
capacity is independent of the room size. 
51 
According to the Minimum Property Standards 
of the U. S. Department of Housing and Urban 
Development-Federal Housing Administration 
and HVI standards, hoodfan capacity shall be 
no less than 40 C FM per lineal foot of hood in 
along-wall placement or 50 CFM per lineal 
foot of hood in peninsula or island placement. 
The HUD/FHA minimums for range hoods and 
wall and ceiling fans for kitchens and bathrooms 
apply when natural ventilation is below mini-
mum and when ventilation is installed optionally. 
The Small Homes Council-Building Research 
Council recommends that the hood-fan capacity 
should be 100 CFM for each lineal foot of hood 
length except that peninsula and island hood-fans 
should have a capacity of 120 CFM for each 
foot of hood length. For example: 
What should be the hood-fan capacity of a 3 0-
inch range located against a partition? 
Fan Capacity= length of hood in feet x 100 CFM 
per foot 
= 2. 5 feet x 100 CFM per foot 
= 250 CFM 
What should be the hood-fan capacity of a 48 inch 
surface cooking unit located on an island counter? 
Fan Capacity= length of hood in feet x 120 CFM 
per foot 
52 
= 4 feet x 120 CFM per foot 
= 480 CFM 
All C FM ratings on fans bearing the HVI label 
are certified after independent tests at Texas 
A & M University and therefore can be compared 
dependably with one another. 
It is recommended that hood-fans be exhausted 
through a duct to the outside air. However, 
sometimes a range is so located that it is not 
possible to do so. In this situation nonducted 
hood-fans can be used. They use a system of 
filters to clean the air and return it to the room. 
Nonducted hoods can, if they have an efficient 
filter system, partially remove odors and grease 
but they cannot remove heat and moisture. Tests 
conducted by Kansas State University for the 
Federal Housing Administration demonstrated 
that a hood which discharges to the outside air 
is far superior to nonducted hoods in removing 
grease as well as heat and moisture. Measure-
ments of grease accumulation on a surface in 
the test room revealed that a high velocity re-
circulating hood can cause more grease to ac-
cumulate on kitchen walls than if no hood were 
used at all. 
It is also desirable to install an exhaust hood 
over a built-in oven. This is particularly use-
ful when the oven door must be left open during 
broiling. 
Also available are ventilating units designed with 
high CFM capacities to remove heat from barbe-
cuing. 
There are four types of fans generally available 
for kitchens and baths. In centrifugal fans (or 
blowers), a revolving wheel makes air flow 
radially through the impeller within a scroll-
shaped housing. In propeller fans; a stamped 
disc with three or more blades moves the air. 
In axial flow fans, an improved propeller type, 
the air flows straight through an impeller that 
is mounted within a close fitting tube. The 
mixed flow impeller is like a propeller at intake 
and like a blower at discharge. 
The following information is needed in order to 
properly select an exhaust fan: 
1. The amount of air (CFM) that must be handled. 
2. The resistance of the system (whether there 
is ductwork or not). 
3. Noise level that can be tolerated. 
When there is little or nor resistance in the sys-
tem (no ductwork involved) a propellor-type fan 
can be used. When~ ductwork is involved, 
a centrifugal may be in order. 
Fan Controls 
The normal installation provides a switch or 
switches that turn the fan on and off and control 
the speed of operation. It is possible to control 
the fan operation by wiring the fan through a 
humidistat that will automatically turn the fan 
on as moisture levels reach the desired limits 
in the kitchen or bathroom. 
Most building codes require that in baths and 
kitchens without natural ventilation (windows) 
some mechanical ventilation must be provided. 
In bath areas, the mechanical ventilation can be 
controlled by a switch, humidistat, or wired to 
turn on when the lights are turned on in the 
room. The last option may bring objections from 
the homeowners, particularly if the fan is noisy, 
but it does insure that the room will be ventilated 
when it is occupied. 
Bathroom Fans 
Bathroom ventilation equipment frequently 
comes equipped with special features, such as 
lighting and auxiliary heating. These are gener-
ally controlled from multi-selector switches 
moUiited in a switch box on the wall. 
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NOISE AND FANS 
Sound or noise has both physiological and psycho-
logical effects. If an exhaust fan for a kitchen 
or bath is exceptionally noisy or annoying the 
occupants will not use it and the equipment will 
have been installed for nothing. 
In general, it is usually more desirable to select 
a fan of large wheel diameter and run it at a 
slower speed. The slower speed results in 
lower noise levels. Many times the fan equip-
ment itself may be well engineered and quiet 
running but the noise generated by air moving 
at high velocity can be considerably. This is 
possible even when remote air handling units 
are used. The ductwork should be sized to 
produce high volume with low velocity and the 
grilles should be selected to keep whistling and 
other air noises to a minimum. 
The manufacturers of ventilating equipment for 
residential applications are aware of the annoy-
ance caused by noisy equipment and have attempted 
to reduce noise by using resilient motor mount-
ings and by properly sizing motors to fans and 
fan housing. 
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The best guide to selecting a quiet fan is the 
sound rating, stated in sones. All fans with the 
HVI label carry certified sones ratings. The 
sone was selected for sound ratings because it 
makes for easy, simple and accurage compari-
sons of relative loudness. A fan of 3 sones is 
half as loud as one of 6 sones -- in a linear 
scale, like inches and pounds. In contrast, 
decibel readings are logarithmic and hard to 
compare -- each 10 decibels in sound pressure 
level doubles the loudness. 
The unit used to measure sound pressure levels 
is the decibel (db). Audible sound is a pressure 
similar to voltage in an electrical system. Sound 
pressure levels, sound intensitites and acoustic 
power can be measured by electronic instruments. 
However, the effect of noise on humans must 
be measured by comparison tests using human 
subjects as listeners. 
In order to evaluate loudness, the sones scale 
has been devised using human listeners as judges 
of different intensities of sound at different fre-
quency levels. (The human ear is capable of 
hearing sounds between 20 Hz. and 20, 000 Hz. ) 
"Sones" as a unit of loudness are related to the 
sound pressure levels and listening tests. The 
following tables give some representative values 
of sones for different familiar situations: 
Threshold of pain 
Jet plane, landing 
Dump truck 
Speech (Oration) 
Speech (Conversation) 
Quiet room (residence) 
1, 024 sones 
256 
64 
16 
4 
1 
All fans bearing the HVI label are certified for 
sones ratings as well as CFM ratings. No certi-
fied fan can exceed the following limits: Kitchen 
fans and hoods (up to 500 CFM capacity), 9. 0 
sones; bathroom fans, 6. 5 sones. Every certi-
fied fan must be rated for sones at maximum 
air delivery, but multi-speed fans may also be 
rated for sones at lower speeds. 
Dual ratings permit selection of whatever com-
bination of air delivery and quietness is desired 
in steps of 10 CFM and 0. 5 sones. In 1971 models, 
there were more than the 4. 0 sones level of con-
versation. Some were in the 2. 0 sones range. 
In many cases, the multi-speed fan is a good 
solution, offering heavy duty ventilation when 
needed and low-speed quietness at other times. 
The HVI publishes annually a Certified Home 
Ventilating Products Director, which lists the 
CFM and sones ratings for all of its members' 
products by model. Dealers may obtain the 
directory from the HVI, 230 N. Michigan Ave. , 
Chicago, Illinois 60601. 
INSTALLATION 
A properly selected fan can do its work right 
if correctly installed. 
The main rules are simple but important: 
1. Follow the ·manufacturer's instruction sheet. 
2. Locate the fan across the room from incoming 
air. 
3. Make ducting as short and direct as possible 
to the outside, with minimum of elbows. 
4. Do not reduce ducting from size of fan 
discharge. 
5. Install proper terminal accessories. 
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In addition to ceiling-wall fans and hood fans, it 
is also possible to use remotely located fans 
connected to grilles or hoods by ductwork. The 
remote fans have the advantage of locating the 
"noise" away from the kitchen or bath, but are 
generally more expensive to install. They offer 
greater CFM capacities and therefore are ad-
vantageous when it is necessary to exhaust 
large quantities of air, such as over indoor 
barbeque grilles. These remote fans are equipped 
with two- or three-speed switches and can be 
run at low speed for very quiet operation. It is 
also possible to connect two or more baths to 
one fan that can be switched from any of the 
rooms. 
Attic Fans 
In many homes, large fans located in the attic 
are used to draw large quantities of outdoor air 
through the house whenever the indoor air temp-
erature exceeds the outdoor air temperature. 
This is particularly effective at night when the 
outdoor air is generally cooler. In northern 
climates an air change every two or three min-
utes is sufficient. In southern climates an air 
change every minute will add the additional effect 
of air motion. 
Attic fans are generally located in hallways 
with automatic louvers that open when the fan 
operates. The fan discharges into the attic, 
or it may discharge directly outdoors and the 
air drawn into the attic through grilles in the 
ceiling connected by ducts to the fan. Care 
must be taken in new, well-built homes with 
tight windows and doors. If the fan is operated 
with windows closed, air will be drawn down 
flues and gas vents that may cause odors, pilot 
light outages, and/ or smoking fireplaces. 
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fused service equipment sub-distribution box 
The National Electric Code requires that every 
kitchen be provided with two 20-ampere 120-
volt circuits for the operation of kitchen appli-
ances. The circuits may extend into dining areas 
and laundry areas if they are immediately ad-
jacent to the kitchen. While two 20-ampere 
circuits are generally sufficient, some thought 
should be given to providing one or even two 
additional 20-ampere appliance circuits. Each 
year the number of portable kitchen appliances 
increases, making increased demands on the 
electric capacity of the kitchen. Table VI lists 
the power requirements of some of the ever-in-
creasing number of appliances, which is use-
ful in sizing service entrance equipment.in con-
junction with the kitchen. 
In addition to the appliance circuits special cir-
cuits must be provided for the electric range, 
electric dishwasher and disposer, electric water 
heater or booster and room air conditioner. It 
is also a good idea to provide a separate circuit 
for the freezer if it is located in the kitchen. If 
other appliances are operated from the same 
circuit as the freezer they might inadvertently 
blow the fuse or trip the breaker without the 
knowledge of the homeowner. This could leave 
the freezer without power for a longer period 
of time with resultant food spoilage. 
ELECTRICAL SYSTEMS 
circuit breaker 
breaker-equipped service equipment 
The lighting equipment, both general and task 
lighting, must be installed on the lighting circuits 
of the house and not connected to the required 
appliance or special purpose circuits. 
The service ampere rating is obtained by adding 
the current required for general lighting major 
appliances, motors, appliance circuits and other 
special circuits. Table V is an example com-
putation for a wall equipped home not electrically 
heated. 
TABLE V. 
Air conditioning 4800 Btu x. 75 amp/1000 x 
230v = 8. 3 kw 
Other load 
Lighting 2200 sq. ft. x 3 watts 
4 Appliance circuits @ 1500 watts 
1 Appliance circuit in laundry 
Range top 
Ovens (2) 2 @ 4900 watts 
Clothes Dryer 
Total other load 
First 10kw @ 100% 
Balance@ 40% (26. 8 x • 4) 
Total calculated load 
6. 6 kw 
6.0 
1.5 
7. 7 
9.0 
6.0 
36.8 
10.0 kw 
10.7 
29.0 kw 
29,000 watts ~ 230 = 126 amperes (service 
rating) 
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TABLE VI. 
TYPICAL HOUSEHOLD LOADS 
(NOTE: 1KW = 1000 watts) 
LOAD VOLTAGE POWER OR RATING 115/ 230 v. SERVICE CURRENT 
General Lighting 115 3 watts/ sq. ft.* 1. 3A/100 sq. ft. 
Range Top 115/230 7.7 KW 33A 
Oven 115/ 230 4.5 KW 20A 
Water Heater 115/230 9.0 KW 40A 
Clothes Dryer 115/ 230 6.0 KW 26A 
Central Air Cond. 230 . 75A/1000 BTU 
Electric Heating 115 or 230 4.35A/ KW 
Washer 115** 1/2 HP 4.9A 
Garbage Disposer 115 1/4 HP 3.0A 
1/2 HP 4.9 
Dishwasher 115 1.0 KW 4.5A 
Color TV 115 0.35 KW 1. 5A 
Freezer 115 1/6 HP 2.2A 
Refrigerator 115 1/6 HP 2.2A 
Iron 115 1.2 KW 5.2A 
Gas Furnace Blower 115 1/ 3 HP 3.6A 
Motors 115 or 230 1/6 HP 2.2A 
(Shop Tools) 1/4 HP 2.9A 
1/3 HP 3.6A 
1/ 2 HP 4.9A 
3/4 HP 6.9A 
1 HP 8.0A 
20A Small Appliance 
Branch Circuit*** 115 1.9KW 
* The N.E.C. calls for 3 watts/ square foot of the living area- This does not include area 
of unoccupied attics, basements, or garages. 
** The actual nameplate currents of 115-volt loads will be twice the listed value. The listed 
value is based on 230 volts with the assumption that the 115-volt loads will be evenly divided 
between the two line wires of the 115/230-volt. 3-wire service. 
*** The code requires that a minimum of two of these circuits must be provided in kitchen-
dining - family room area of dwellings and one in the laundry that is not used for washer 
or dryer. 
To change watts to amperes divide total watts by 115 or 230 volts. 
OUTLETS AND SWITCHES 
First, for maximum convenience as well as for 
safety, there must be an adequate number of 
outlets and switches. With the rapid increase 
in the number and types of appliances, it is bet-
ter to have too many outlets than too few. 
Receptacles 
The most common outlet is the duplex receptacle, 
which accepts two plugs. Single, triplex, and 
quad receptacles are also available. 
If many outlets are needed in a small area, it 
may be convenient to use a multi -outlet assembly 
which has pre-wired receptacles spaced from 
6 to 36 inches apart along its length. The units 
are usually mounted on the surface of the wall 
just above the baseboard or above a counter 
top. 
A number of special types of receptacles are 
illustrated in Figure 49. 
Grounding receptacles are outlets designed to 
receive a 3-prong plug. The third prong is con-
nected to a wire which leads to the frame or 
housing of the appliance. The third slot in the 
receptacle is connected to the conduit system, 
or to a grounding wire (bare or coded green) 
which extends to the ground at the meter or to 
a separate ground such as a nearby cold water 
pipe. Grounding receptacles are especially de-
sirable for damp areas or places which may 
have wet floors. The 1962 National Electrical 
Code requires grounding receptacles be installed 
on all 15- and 20-ampere circuits. 
Weatherproof receptacles, with watertight covers, 
are for outdoor locations. 
Locking receptacles and plugs are available for 
overhead outlets and other places where it is 
desirable to engage the plug securely. They 
operate by inserting the plug in the receptacle 
and twisting a quarter-turn. Locking receptacles 
are especially useful in preventing accidental 
disconnection of freezers, etc. 
Other special forms of outlets are available. 
These include receptacle and switch combinations, 
clock receptacles, safety receptacles, dual-
voltage units which supply both 120 and 240 volts, 
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and radio and television outlets which also supply 
antenna and ground connections. Receptacles 
which supply 240-volt power have a number of 
special shapes and designs. 
Location of Receptacles 
Living rooms, bedrooms, and other general 
living areas require convenience outlets for 
lamps, radios, television, and other portable 
appliances. Enough receptacles should be pro-
vided to avoid the use of extension cords, par-
ticularly across doorways. For minimum 
quality electrical service, no point along a wall 
space should be more than six feet from a re-
ceptacle. Every wall space more than two feet 
wide must be served by a receptacle. For maxi-
mum convenience, they should be spaced no 
more than six or eight feet apart. 
Greater accessibility is provided when the re-
ceptacles are spaced to consider probably furn-
iture placement. For example, in a wall section 
12 feet long, one centrally located receptacle 
meets the minimum requirements. However, it 
will probably be blocked by a heavy piece of 
furniture. A better solution is to locate recep-
acles near each end of the space. 
Although not required by most codes, a conven-
ience outlet should be located in each hall area 
for night lights and cleaning equipment. Bath-
room receptacles should be located conveniently 
for use of an electric razor and a night light. 
In a dining space, a convenience outlet may be 
located 36 inches above the floor so that warm-
ing or cooking appliances that are used at the 
table or buffet can be connected easily. This 
receptacle should be on the appliance circuit. 
One receptacle in the laundry area should be lo-
cated near the drainage and water connections 
so that the washer can be easily connected. 
Another receptacle should be available for iron-
ing and other laundry activities. 
It is recommended that appliance-circuit recep-
tacles be spaced every 12 to 36 inches along the 
counter area jn the kitchen. A multi-outlet strip 
is suggested. The refrigerator receptacle should 
be 36 inches above the floor. 
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Switches 
Permanently installed lighting fixtures must be 
controlled by a switch. Switches may also be 
used to control convenience outlets. For ex-
ample, living rooms often have not built-in 
lighting fixtures. In this case, a receptacle must 
be switches to control lighting in the room. Du-
plex convenience outlets can be wired so that 
only one of the receptacles is controlled, per-
mitting the use of a clock, radio, or other ap-
pliance in the other receptacle. Switches are 
also needed for special purpose outlets, such as 
for fans, garbage disposal units, and other ap-
pliances that have no switch or where the built-
in switch is inconveniently located. Some of the 
various switches available are shown in Figure 
I 50. 
When walking through the house, it should al-
ways be possible to light the path ahead. Simi-
larly, it should be always possible to turn off 
the lights without retracing steps. This also 
applies to the outdoor routes between the house 
and the garage and other major areas. 
It is often desirable to switch an outlet from 
more than one point. To control a light or re...; 
ceptacle from two places, a three-way switch 
is required at each point; to control an outlet 
from three or more positions, two three-way 
switches and one or more four-way switches are 
needed. Low-voltage switching systems are of-
ten used when an outlet is controlled from three 
or more points. 
Multiple switches should be used on hall and 
passage lights. In bedrooms it is often conven-
ient to have the general lighting source controlled 
from both a point near the door and within reach 
of the bed. 
The usual snap switch has copper contact-points 
controlled by a spring which either snaps them 
together, allowing current to pass through , or 
separates them, interrupting the current, when 
the handle is operated. A switch made with sil-
ver contacts needs only a very light spring and 
operates quietly. Another type of switch uses a 
tube of mercury to open and close the circuit. 
It is more expensive, but is silent and has a long 
life. 
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Switches are available with lighted handles or 
jewels which glow when the switch is off, acting 
as a locator light. The latter are often used in 
bathrooms and bedrooms, the former for base-
ment and attic lights. 
Many other types of switches with unusual ap-
pearance or operating action are used. The most 
common of these ope_rates with a touch on either 
a button or a plate rather than with a conventional 
handle. 
In low-voltage switching sytstems, the wall switches 
control a special low-voltage circuit, which in 
turns is connected to a relay that operates the 
line~voltage switch. This allows the use of rela-
tively inexpensive switches and doorbell-type 
wire on the switching circuits. This system 
can be expanded so that all lights in the house can 
be controlled from one or more master panels, 
usually located in the master bedroom and/ or 
at the main entrance. 
Door switches, which turn on the lights when the 
door is opened, are used in closets and other 
spaces without natural light. In less important 
areas, such as part of the basement, store room, 
etc., a pull-chain switch on the lighting fixture 
may be adequate. 
Dimmer switches are used in areas where it is 
desirable to control in the intensity of the lighting. 
These are available either as a continuous control 
or as a two-position switch which allows full 
brightness or approximately 40% brightness 
from an installed fixture. 
Time-delay switches, which allow about one 
minute from the time the switch is operated un-
til the lights are extinguished, are sometimes 
used for bedroom, garage, and outdoor lights. 
Weatherproof switches are housed in a water-
tight box and operated by a handle extending 
through a gasketed opening. 
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junction box 
Figure 51 
Boxes 
Joints or splices or cables must occur inside 
boxes, such as in Figure 51, except in open 
knob-and-tube wiring. Also, each switch, con-
venience outlet, and fixture must be attached at 
a box. These boxes, used with all types of 
wiring systems, are made of steel, plastic, or 
porcelain. 
LIGHTING 
The amount of light recommended to accomplish 
specific tasks hasbeen steadily increasing as 
studies have shown that increases in lighting 
level result in increases in efficiency and de-
creases in eye strain. 
The kitchen needs two types of lighting- general 
and task as shown in Figure 52. General light-
ing provides a uniform level of illumination 
throughout the kitchen area. This can be ac-
complished by providing one light fixture for 
each 50 square feet of floor area. The fixture 
should contain 175 to 200 watts (3- 60-watt bulbs, 
for example) of incandenscent light or 60 to 80 
watts (2, 3 or 4-foot tubes) of flourescent light. 
A luminous ceiling can also be used to provide 
general illumination, as in Figure 43. A mini-
mum of one 40 watt tube should be provided for 
each 12 square feet of room area. This pro-
vides approximately 30 foot candles of light on 
a surface 36 inches above the floor in the aver-
age room with farily light colored walls. If the 
tube spacing is decreased to provide one tube 
for each 8 square feet the lighting level will be 
increased to 45 foot candles. 
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Task lighting should be provided over the work 
surfaces (counters) and over the range and sink 
areas. A 20 watt flourescent tube mounted un-
der the cabinets for each three feet of counter 
will provide the necessary 50 foot candles of 
light. Lighting may also be provided as shown 
Figure 54 -using the upper cabinet for shielding. 
If the task lighting over the work surface is in 
the ceiling or soffit, sufficient illumination can 
be provided by 7 5-watt incandescent bulbs in 
fixtures two foot on center or 40 watt flourescent 
tubes, (Figure 55). An equivalent amount of 
lighting could also be provided by recessed 100 
watt incandenscent fixtures (with inner reflectors) 
or pendant or bullet shaped fixtures equippped 
with 7 5 watt reflector flood lamps. If wall 
mounted fixtures are preferred over the sink or 
range they should be mounted 14 to 22 inches 
above the surface with at least one 30 watt flu-
orescent tube. When range hoods are used they 
should be equipped with one or two sockets for 
incandescent bulbs. 
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If dining space is provided in the kitchen, this 
space should be highlighted by lighting also. 
The highlight may be in the form of a pendant 
or small chandelier or the highlight can be 
provided by recessed lights in the ceiling above 
the dining table as in Figure 56. 
For special lighting effects dimmer controls can 
be used on both incandenscent and flourescent 
light sources. This type of control would be 
especially desirable in combination family-
kitchen rooms where variable lighting levels 
would be useful to create different moods. 
There are several sizes and varieties of dim-
mer controls available for incandenscent bulbs. 
The smaller sized controls can be used in place 
of a standard typ,e switch which makes instal-
lation extremely simple. For larger sized 
dimmers a double box may be needed. It is 
also possible to obtain a switch that has ''hi-lo" 
positions. The "hi" position gives full light 
output while the "lo" position gives 30% of 
full light output. 
Dimmers are also available to control flourescent 
light. However, it is necessary to have special 
ballasts installed in the fixtures. For uniform 
dimming all tubes contrplled by one dimmer 
should be of the same size. 
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Light Sources 
A knowledge of the characteristics of both in-
candescent-filament and fluorescent light sources 
is essential to achieve good kitchen lighting de-
sign. This knowledge enables the designer to 
choose types appropriate in contour, light out-
put, wattage, color quality and directional con-
trol for each application. To know how to work 
successfully with either type, or both in com-
bination, will help the designer to achieve light-
ing results that are visually comfortable, func-
tional and beautiful. 
Incandescent-Filament Sources 
The incandescent-filament bulb has been the ma-
jor home electric light source for almost 75 years. 
Within the last 20 years the variety of residential 
bulb types, sizes and finishes has been greatly 
expanded. 
Incandescent-filament bulb construction, shapes, 
sizes and bases commonly used for residential 
applications are as follows: 
(1) Bulb Construction- There are three essen-
tial parts to an incandescent-filament source: a 
glass bulb, a metal base and a finely coiled wire 
filament. See Figure 57. As electricity passes 
through the filament, the wire becomes so hot 
that it glows brightly, thus producing light by 
incandescence. This is the principle by which 
every incandescent light bulb produces light re-
gardless of its finish, size or shape. It is 
known as a "point" source of light. In most 
bulbs the filament is mounted horizontally. How-
ever, the filament can be mounted vertically 
with respect to the base, thereby achieving an 
increase in light output. Bulbs using this type 
filament mounting were first introduced in resi-
dential sizes in 1957. 
Material on bulbs and bulb types reprinted courtesy of 
the Illuminating Engineering Society. 
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(2) Bulb Shapes and Sizes- Some of the more 
common incandescent-filament bulb shapes are 
shown in Figure 58. The sh~pe and size of l!ght 
bulbs are designated by a code consisting of 
one or more letters and a number. The letters 
designate the shape, and the number indicates 
the maximum diameter of the bulb in eighths of 
an inch. For example, a 100-watt A-19 is a 
light bulb which consumes 100 watts, is of the 
standard "A" shape, and is 19/8ths of an inch 
or 2 3/8 inches in diameter. Today light bulbs 
are being manufactured in compact sizes. The 
standard "A" bulbs in 25, 40, 50, 60, 75 and 
some in 100 watts have the same diameter. 
Three-lite bulbs, too, are physically smaller 
than they used to be. 
(3) Bulb Bases - Most of the bases on incan-
descent bulbs used in the home are of the screw 
type shown in Figure 59. These are of metal and 
are cemented onto the glass bulb. Bases will 
in size according to the wattage and use of the 
light bulb. 
The light from incandenscent-filament sources 
in warm in color quality and imparts a friendly, 
homelike feeling to interiors. Under this light 
source the warm colors (the oranges, reds, 
browns, etc. ) are enhanced while the cool colors, 
such as the blues and greens, are subdued. 
Generally, when the over-all atmosphere of a 
room is on the warm side, the full values of the 
warm colors will be acceptable when lighted with 
filament bulbs. While many of the blues and 
greens in fabrics, carpets, wallpaper and paint 
will be muted or slightly changed in color, there 
is not a general consciousness of these shifts. 
In designing kitchen lighting, inside-frosted 
standard service bulbs ranging in wattages from 
15 to 300 are the most commonly used types. 
Some of these wattages are available in other 
finishes. Today the white-coated bulbs that 
produce a softer quality of light and less harsh 
shadows are used in portable lamps and fixtures 
where greater diffusion is desired. Due to a 
fine white inner coating in these bulbs, light is 
distributed over the entire surface, eliminating 
the previously apparent bright spot near the 
center. 
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There are also tinted bulbs in yellow, pink, aqua, 
green and blue, 40 to 150 watts. The are rec-
ommended for locations where the specific ef-
fect of a warm or cool mood or atmosphere is 
desired. In general, tinted light subtly accents 
like colors and subdues complementary colors. 
Yellow and pink bulbs produce a warm color 
tint of light that intensifies warm coloring in 
home furnishings; aqua, green and blue bulbs 
give emphasis to cool colors in a decorative 
scheme. If desired, the appearance of a color 
scheme may be changed by using yellow and 
pink bulbs to subdue cool colors and aqua, green 
and blue bulbs to tone down warm colors. Seas-
onal changes can be made without resorting to 
more complex or expensive methods to achieve 
the color appearance of coolness in summer and 
warmth for the winter. In rooms which have 
neutral color schemes, tinted bulbs can subtly 
create quite different atmosphere. 
The addition of color to incandenscent bulbs will 
reduce the light output compared to that obtain-
able with either the inside-frosted or white-
coated bulbs. It is suggested that to compen-
sate for the reduced light output, tinted bulbs of 
the next higher wattage be used if approximately 
equal lighting results are desired. 
Other incandescent-filament types frequently used 
are: 
(1) Tubular Filament Sources- These are of two 
types. The first is a lumiline bulb which is a 
tubular source one inch in diameter with a fila-
ment extending from end to end. They have 
disc-type bases (see Figure 59) at each end which 
require special sockets. Lumilines are supplied 
in 30-, 40- and 60- watt sizes in clear, inside-
frost, white and variety of colors. 
The second type, known as "showcase" bulbs, is 
available in three wattages, 25, 40 and 60 watts, 
all having a medium base. They are of either 
clear glass or inside-frosted finish. Some 
"showcase" bulbs are of the reflector type with 
half of the bulb silvered to direct the light and in-
crease the quantity in a given direction. A bronze 
spring contact on the base permits the light to be 
directed as desired without the bulb being screwed 
tightly into the socket; thus the bulb can be used 
with the reflector oriented in any position. 
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(2) Reflector (R-Type) Bulbs - These have in-
creased in number with the demand for more con-
trol-types of light sources for floodlighting and 
spotlighting. A reflecting coating is applied to a 
portion of the inside surface of the bulb to direct 
all the light out of the bowl end of the bulb, as in 
Figure 60. The spot bulbs have a very light 
frosting on the bowl end of the bulb, just enough 
to prevent filament images. The flood bulbs 
have a much heavier frosting to diffuse the light 
over a wider area. R-type bulbs now include 
medium base bulbs in sizes from 30 to 300 watts. 
Tint colors suitable for residential application -
yellow, red, green, blue, pink and blue-white -
are available in several wattages. These are 
"soft glass" bulbs and are therefore recommended 
by manufacturers for indoor installations only. 
(3) Projector Bulbs (PAR, meaning "Parabolic" 
Shape) -These are another control-type of light 
source, producing spot- or floodlighting. They 
differ from the reflector bulbs in shape, are 
made of ''hard glass" and can be used indoors or 
out-of-doors. Rain or snow or changes in temp-
erature will not crack the glass or affect oper-
ation. PAR-38 projector bulbs have a medium 
base and are manufactured with clear glass 
lenses in 75- and 150-watt sizes. The 100-watt 
size is available in colors. 
Reflector bulbs and projector bulbs can be used 
where a very definite applicatim of either a mod-
erately concentrated spotlight or a more wide-
spread floodlight beam is desired. 
All incandescent-filament bulbs, for the best 
lighting results and economical operation, should 
have the same voltage rating as tm t of the power 
supply line. 
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Flourescent Sources 
Fluorescent tubes were introduced in 1948. They 
produce light by an entirely different principle 
from incandescent-filament bulbs, as shown in 
Figure 61. It is now practical to work sue ... 
cessfully with either of these light sources alone 
or in combination. 
Flourescent tubular sources offer the designer 
higher light efficiency, cooler operating tempera-
tures and longer life than incandescent bulbs of 
comparable wattage. For these reasons they are 
most adaptable to and very commonly used in 
residential custom-designed built-in installations, 
as well as in surface-mounted and recessed 
fixtures. 
Flourescent Tube Sizes 
Fluorescent light sources commonly used in the 
home range in size from the 4-watt, T-5, 6-inch 
length to the 40-watt, T-12, 48 inch lenght. (It 
means tubular and the number equals the diameter 
in eighths of an inch. ) The length of the tube 
given is all cases the over-all nominal length 
which includes the required sockets. 
All fluorescent light sources require a current-
limiting and control device called a ballast, which 
is located in a metal enclosure. For the oper-
ation of some fluorescent tubes an automatic 
switch known as a starter is required in addition 
to the normal wall switch. The starter is a small 
metal can inserted into the fixture body or channel 
and is a replaceable part. There are several 
methods of fluorescent tube operation commonly 
used in residences. Listed below are the sizes, 
lengths, bases and types of operation of fluores-
tubes suggested for residential use. Also included 
are circular fluorescent tubes. 
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PREHEAT -Require starters and take several 
seconds to light: 
4 Watt T-5 - 5/8 inch diameter, 6 inch length, 
miniature bipin base. 
6 Watt T-5 - 5/8 inch diameter, 9 inch length, 
miniature bipin base 
8 Watt T-5 - 5/8 inch diameter, 12 inch length, 
miniature bipin base. 
14 Watt T-12 - 1! inch diameter, 15 inch 
length, medium bipin base 
15 Watt T-8 - 1 inch diameter, 18 inch length, 
medium bipin base 
15 Watt T-12 - 1! inch diameter, 18 inch 
length, medium bipin base 
20 Watt T-12 - 1! inch diameter, 24 inch 
length, medium bipin base 
25 Watt T-12 - 1! inch diameter, 33 -inch 
length,medium bipin base 
30 Watt T-8 - 1 inch diameter, 36 inch length, 
medium bipin base* 
Rapid-Start - No starter required but requires 
rapid-start tubes and ballasts, lights within a 
fraction of a second. : 
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30 Watt T-12 - 1! inch diameter, 36 inch 
length, medium bipin base.** 
Preheat-Rapid-Start - A new universal tube 
which replaces the former preheat and rapid-
start types. This new tube will operate equal-
ly well in either preheat or rapid-start fixtures, 
but with a time delay in fixtures with starters: 
40 Watt T-12 - 1! inch diameter. 48 inch 
length, medium bipin base. 
Trigger-Start - Preheat-type fluorescent tubes 
(14, 15 and 20-watt) operate on a trigger-start 
ballast without starters and light in a fraction 
of a second. 
Circline - A universal rapid-start type which 
will operate satisfactorily in all fixtures, al-
though there will be a time delay in fixutres with 
starters: 
22 Watt T-9- 1 1/8 inch diameter, outside 
diameter 8!- imhes. 
32 Watt T-10 - 1!- inch diameter, outside di-
ameter 12 inches 
40 Watt T-10 - 1!- inch diameter, outside di-
ameter 16 inches. 
Another type of fluorescent tube termed slimline 
requires no starter and lights instantly. These 
vary in length from 42 to 96 inches, have single-
pin bases, and come in three diameters: !, 1 
and 1! inches. Slimline tubes are less generally 
used in residential lighting, installations as they 
require bulky sockets and larger and heavier 
ballasts than do the preheat and rapid-start 
tubes. 
Fluorescent "Whites" 
With the various fluorescent "whites" available, 
light can be produced ranging from a very cool 
blue-white to a warm pinkish-white. Today the 
skilled designer can work successfully with a 
palette of seven ''whites" to create the atmosphere 
desired. Listed below are the seven ''whites" 
with a description of the color characteristics 
of each. 
Deluxe Warm White- Creates a warm atmosphere 
and blends well with incandescent bulbs. En-
hances complexions, foods and warm tones in 
furniture, fabric and paint. For home use where 
warm colors predominate, color appearance is 
important and warm atmosphere is desired. 
Deluxe Cool White - Flatters all colors and 
creates a cool atmosphere. This fluorescent 
color gives the most accurate color rendition 
of all fluorescent tubes but its cool light is 
quite different in appearance from the mellow, 
yellowish incandescent lighting usually found in 
the home. For residential use where cool colors 
predominate in the decoration and where a cool 
atmosphere is desired. 
Warm White - A light which will blend with in-
candescent lighting but somewhat adversely af-
fects both warm and cool colors. 
Cool White - Light which produces a cool atmos-
phere, but dulls warm colors and intensifies cool 
colors. 
White- Compromise between warm white and 
cool white; slightly dulls the appearance of 
warm colors. 
Daylight- Very blue-white light seldom used in 
homes because it grays complexions, dulls warm 
colors and creates~ very cold atmosphere. 
Soft White - Pinkish white light that empahsizes 
reds and pinks but has a tendency to gray cool 
colors. 
The choice of fluorescent tubes now becomes 
simply a matter of deciding first whether a warm 
or a cool atmosphere is desired for any room. 
Therefore, when room atmosphere and color 
rendition are of prime importance, the cor-
responding improved-color-rendition warm or 
cool tube would be chosen; otherwide, the warm, 
warm white or cool white tubes will serve if 
light output is the more important requirement. 
All white fluorescent tubes look alike when un-
lighted. The name of the color white (which 
varies among manufacturers), as well as the 
wattage of the tube, is- printed on the glass tube 
at one end. Fluorescent tubes in color - red, 
pink, blue and gold - may be used for a decorative 
accent or combined to produce a desired blending 
of colors. 
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In selecting fluorescent lighting equipment, the 
advice of experienced dealers or lighting design-
ers should be sought. If equipment is selected 
that does not supply the light needed for a given 
location the condition cannot be simply remedied, 
since higher wattage tubes that give more light 
are longer and cannot be used to replace tubes 
that are inadequate in light output for the situation. 
Current passing through a ballast produces a low 
humming sound. Generally this faint sound is not 
noticeable with even less than average noise levels. 
Once in a while there is an exceptional case where 
the room noise level is very low because of iso-
lated surroundings or more than average insula-
tion. In these unusual cases, if the lighting meth-
od requires a number of ballasts, it is recom-
mended that they be placed in ventilated metal 
boxes in a remote location - attic, basement or 
closet. Ballasts should be located to be easily 
accessible and where no obstruction of any kind 
can prevent ventilation or circulation of air 
around the metal box. 
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Fluorescent tubes may produce interference 
(noise) in radio reception although television re-
ception is not affected. Locating the radio and 
its aerial at a distance of about nine feet from 
flurorescent tubes or installing proper radio in-
terference filters will reduce direct radiation 
from the tube, radiation from power supply lines 
or line feedback. 
A complete listing of all types of light sources 
for possible residential lighting use is too ex-
tensive to be included here. Detailed, current 
data ar.e obtainable from light source manufacturers. 
Whereas incandescent-filament light bulbs fill the 
need for providing a "point" source of lig~t, flu-
orescent tubes furnish "lines" of light. Here 
are some of the characteristics and uses for each: 
Incandescent-Filament Bulbs 
(1) Provide a point source of light that can be 
focused or directed over .a limited area if de-
sired. 
(2) Most household bulbs have the same size 
base, thus lighting from fixtures or lamps can be 
increased or decreased within certain limits by 
a change to bulbs of a different wattage. 
(3) Most types are less expensive to buy than 
fluorescent tubes. Incandescent lighting fixtures 
are also generally less expensive; they require 
no ballast or starter. 
Fluorescent Tubes 
(1) Provide a line of light, thus in work areas 
the light coming from several angles tends to 
wipe out the shadows. These "lines" of light 
can also be used over mirrors, kitchen work 
surfaces and in window valances, cornices and 
coves or other architectural features to provide 
a both useful and decorative illumination. 
(2) Provide three to four times as much light 
per watt of electricity as incandescent-filament 
light bulbs, with less heat produced. 
(3) Will operate about 7 to 10 times longer than 
incandescent bulbs before replacement is required. 
In today's home both incandescent bulbs and 
fluorescent tubes can be used independently or to-
gether depending upon the lighting design, the 
results desired and personal preference. 
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SPECIAL LIGHTING EFFECTS 
General lighting and task lighting will provide the 
necessary illumination to accomplish the functions 
of the kitchen. Sometimes, however, it is de-
sirable to use lighting for decorative purposes or 
to achieve special moods or effects in kitchens, 
family rooms and baths. Many times the special 
light sources can also provide some of the basic 
lighting necessities. The sketches soown in this 
74 
section illustrate the effects that can be achieved 
by using wall washers, downlights, accent lights, 
brackets and coves. Used in combination with 
general illumination sources the mood of the 
room can be varied to suit many different oc-
casions. Some of these combinations are also 
illustrated in the following sketches. 
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